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Technology, 4259 Nagatsuta. Midori-ku, Yokohama 227, Japan 
'"The Ins t i tu te  of Industrial  and Scient i f ic  Research, Osaka 

University, Mihogaoka, Ibaraki, Osaka 567, Japan 

'International Christian University, 3-10-2, Osawa, Mitaka, Tokyo 

"Research Laboratory of Engineering Materials, Tokyo Ins t i tu te  of 

Abstract 
conductivity of Bi2-2xPb2xSr2Ca,-1C~,Oy have been studied. 
concentration of Bi2Sr2Can-1CunOy (n=2,3) was controlled by the 
substi tution of Pb for B i .  The Tc dependence on the hole concen- 
t ra t ion i n  n=3 was different from that i n  n=2. The optimum hole 
concentration for highest Tc i n  n=3 phase was larger than that i n  
n=2 phase. 
w i t h  0.2x50.3 became monoclinic. 
Bi2-2xPb2xSr2CaCu20y was observed above 97.5K. 

Effects of Pb substitution and N2 annealing on the super- 
Hole 

By annealing the n=2 phase i n  N2, Bi2-2xPb2xSr2CaCu20y 
The Tc of t h i s  Monoclinic 

INTRODUCl'ION 

Tc's of cuprate superconductors are very sensit ive t o  their  hole 
concentration (CholeI1.  

Pb s u b s t i t u t i o n  for B i  i n  Bi2-2xPb2xSr2Can-1CunOy removes oxygen from 
the system w i t h  Chole unchanged. 
revealed that  Pb substi tution produces a hole t o  n=2 phase2g4. This 
discrepancy may be caused by the difference of the s inter ing condition 
particularly of par t ia l  02 pressure. 

3 phases. 
pressure, changes i n  the structure and the Tc dependence on Pb content 
was examined. 

Recently, Fukushima e t  a l . 3  have reported that 

On the contrary, some groups have 

I n  t h i s  paper, Pb substi tution effect  on Tc was studied i n  n=2  and 
Especially for  the n=2 phase prepared under various 02 

It was found that 1) by sintering i n  1/18 02, substi tu- 
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indexed by M.Onoda et a l 9 .  
conduct ive  p r o p e r t y  was measured by 
t h e  tempera ture  dependence of  bo th  
r e s i s t a n c e  and ac magnetic s u s c e p t i -  
b i l i t y .  R e s i s t i v i t y  measurements 
were c a r r i e d  out  by a s t a n d a r d  dc f o u r  

Super- 
100 - 

0 -  
t - -  

Y -  - 
50 

t i o n  of Pb f o r  B i  produces a h o l e ,  2 )  t h e  optimum Chole per a u n i t  c e l l  

f o r  t h e  maximum Tc i n  n=3 phase i s  larger than  t h a t  i n  n=2 phase and 
t h a t  3) Pb s u b s t i t u t i o n  or  low oxygen p r e s s u r e  a n n e a l i n g  promotes t h e  
s t r u c t u r e  change from pseudote t ragonal  i n t o  orthorhombic and f o r  t h e  Pb 
s u b s t i t u t e d  (x10 2 )  system, N2 a n n e a l i n g  procedure l e a d s  t h e  changes of  
t h e  or thorhombic i n t o  t h e  monocl inic  s t r u c t u r e .  Maximum Tc observed 
f o r  t h e  monoclin c n=2 phase was above 97.5K. 

I 
- .- T-- - 

Y. I - 

f?:, ; j ::: 
- - 

I p robe method. Each sample was re- 

RESULTS AND DISCUSSION 

Tc dependence on t h e  h o l e  c o n c e n t r a t i o n  

i n  n=2 phase 

s u b s t i t u t i o n  i n  n=2 phase1 
c ) h o l e  quenching by Y 

Samples were prepared  by  d i s s o l v i n g  n i t r a t e s  i n  w a t e r ,  fo l lowed by 
e v a p o r a t i o n  and c a l c i n a t i o n  i n  air  at  800°C for  2 hours .  
was t h e n  reground,  p r e s s e d  i n t o  p e l l e t s ,  s i n t e r e d  i n  1/18-1/5 atmosphere 
of 02 f o r  40-60 hours  a t  800°C. 

750°C f o r  8 h o u r s .  Four k i n d s  of samples wi th  d i f f e r e n t  composi t ion 
were s y n t h e s i z e d ,  whose nominal r a t i o s  of Pb/Bi+Pb were (a)O, (b)0 .05 ,  
( c ) 0 . 2 0  ( d ) 0 . 3 0  and (e10.50.  

a t t a c h e d  t o  SEM (JSM-840A. JEOL) i n  o r d e r  t o  de te rmine  t h e  composi t ion 
of t h e  superconductor .  

d i f f r a c t i o n  p a t t e r n s  u s i n g  CuKa (RAD-IIIB, Rigaku denki  1. The peaks 
were a s s i g n e d  a c c o r d i n g  t o  t h o s e  
indexed by M.Onoda et a19. 
conduct ive  p r o p e r t y  was measured by 
t h e  tempera ture  dependence of both  
r e s i s t a n c e  and ac magnetic s u s c e p t i -  
b i l i t y .  R e s i s t i v i t y  measurements 
were c a r r i e d  out  by a s t a n d a r d  dc f o u r  
probe method. Each sample was re- 

T h i s  powder 

They were pos t  annealed i n  N 2 a t  

EPMA was c a r r i e d  o u t  u s i n g  AN 10/85S system by Link A n a l y t i c a l  Co. 

The s t r u c t u r e  of t h e  compounds were determined by X-ray powder 

Super- 

ground and p e l l e t i z e d  p r i o r  t o  t h e  ac 
s u s c e p t i b i l i t y  measurements. Tc was 
determined by t h e  o n s e t  o f  as suscep-  

FIGURE 1 Tc dependence on Chole 
in Bi2-2xPb2xSr2Ca,(i-z)Yn~CunOy 

t i b i l i t y .  a ) h o l e  doping by Pb s u b s t i t u t i o n  

b ) h o l e  doping by Pb s u b s t i t u t i o n  
i n  n=3 phase 
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EFFECT OF ELEMENTAL SUBSTlTUTION 137 

A s  shown i n  F i g u r e  1 ,  Tc of  n=2 phase decreased t o  74.5K i n  x=0.31.  
This  i s  due t o  t h e  overdope of h o l e s 2 ~ 4  by Pb2' s u b s t i t u t i o n  f o r  B i 3 + .  
I n  n=3 phase ,  Tc dependence on Chole was much smaller t h a n  t h a t  i n  n=2 
phase .  
phase i s  larger t h a n  t h a t  i n  n=2 phase.  
optimum h o l e  c o n c e n t r a t i o n  p e r  a Cu atom t o  g i v e  maximum Tc is d i f f e r e n t  
i n  n=2 and 3 has  t o  be so lved .  It i s  necessary  t o  measure how much 
h o l e s  are l o c a t e d  i n  pyramidal  and p l a n a r  Cu-0 l a y e r s  i n  n=3 phase.  

N2 a n n e a l i n g  e f f e c t  

T h i s  s u g g e s t s  t h a t  t h e  optimum Chole f o r  t h e  h i g h e s t  Tc i n  n=3 
F u r t h e r  problem whether t h e  

As shown i n  f a )  and ( b )  of  FIGURE 2 ,  t h e  s t r u c t u r e  of 

Bil.~jPb0.4Sr2CaCu2Oy 
changed d r a s t i c a l l y  w i t h  
reducing  oxygen pressure. 
Reduction of oxygen p r e s -  
s u r e  from 1/5 t o  1/13 l e a d s  
t o  t h e  s p l i t  of  
(2000,0200), which means 
t h a t  pseudote t ragonal  phase 
changed i n t o  or thorhombic3.  
By a n n e a l i n g  sample ( a )  i n  
N2 a t  750°C f o r  20 h o u r s ,  
(1130,1150,1170)  peaks 
broadened as shown i n  ( c ) .  
I n  p a r t i c u l a r ,  s p l i t  of  t h e  
peak was confirmed i n  
(1170) .  T h i s  behavior  
cannot  be e x p l a i n e d  by 
pseudote t ragonal  nor  o r -  
thorhombic and by monoclin- 
i c  s t r u c t u r e .  The peaks 
were indexed w i t h  monoclin- 
i c  s t r u c t u r e  in a=5.428A, 
b=5.358A, c=30.77A and 
7 =90.8" . The peaks 
agreed  well w i t h  c a l c u l a t e d  
ones.  

As shown i n  FIGURE 3 ,  
monocl inic  n=2 phase was 

0 
FIGURE 2 XRD patterns of 

Bil. gPb0. 4Sr2bCu24, 

( a l a n n e a l e d  i n  1/5 02 
( b l a n n e a l e d  i n  1/13 02 
( e l a n n e a l e d  i n  1/5 02 fol lowed by N2 

O : n = 2  phase O : n = l  phase W:Ca PbO 
0 : CUO A:unknown phase 
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prepared only by annealing 
i n  low oxygen pressure below 
1/18 atm. w i t h  Pb of 

/ 

0.25x50.3. The c-axes 
length of monoclinic phases Q) 

were 30.76-30.77A, which 
were shorter than that of 0 y' - - - -+  c / 
orthorhombic or pseudotet- 0 

ragonal one (30.79-30.85123. 
a 0.1 

It i s  reported that  removing 

oxygen from n=2 leads to  the 
increase of c-axis4, which 
i s  mainly considered t o  be 
due to the decrease of 
excess oxygen i n  Bi-0 layer. 
The opposite behavior for 
monoclinic phase suggests 
the change of the structure 
i n  Bi-0 layer.  Another 
interest ing feature is the 
increase i n  the intensity of 
(0020) peak w i t h  decreasing 
oxygen content. More 
precise analysis is now i n  
progress. 

The Tc of monoclinic 
n=2 phases were 97.5-98.0K 

as  shown i n  FIGURE 4 ( a ) .  
This temperature was ex- 
tremely high i n  comparison 
w i t h  that  before Np anneal- 
ing (FIGURE 4 (b)  ) .  This 
may be caused by the de- 
crease of hole concentra- 
t ion.  The optimum hole 
concentration t o  give the 
maximum Tc i n  n = 2  phase i s  
smaller than that  of the 

0' 

-1.0 -0.6 
0 Lo b + k - d - - - 4 ~ .  * 

<-3.0 
W b / a t m )  

FIGURE 3 Phase diagram of 
Bi2-aPb2xSr2CaCu24, 

0 : monoclinic 
0 : orthorhombic 
0 : pseudotetragonal 

7 0 7  
0 0.1 0.2 0.3 0.4 0.5 

Pb content 
FIGURE 4 Tc dependence on Pb content 

( a )  a f te r  N2 annealing 
(b 1 before N2 annealing 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

1:
29

 1
9 

Fe
br

ua
ry

 2
01

3 



EFFECT OF ELEMENTAL SUBSTITUTION 139 

sample prepared in air215,6*7.8. 
Tc is expected to increase. Now we are not sure whether the great 
increase in Tc up to 97.5K can be explained only by the reduction of 

Cho]e. 
progress. 

By reducing the system. the value of 

Precise measurement on the hole concentration is now in 

CONCLUSION 

Monoclinic Bi2-2xPb2xSr2CaCu20y with 0.21X50.3 was synthesized by 
N2 annealing or by low 02 pressure annealing. 
eters of a, b ,  c and 7 were 5.428A, 5.358A. 30.77A and 90.8" , respec- 
tively. 
was more than 20K higher than that before N2 annealing. 

In x=0.2, lattice param- 

The observed Tc of monoclinic n=2 phase was above 97.58, which 
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